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Abstract
With the exponential increase in data, the need to authenticate the integrity accuracy of the data also increases. Regarded as a
mysterious law, Benford's Law has seen many use cases over the centuries ranging from detecting fraud in accounting to checking
for GAN generated images. This First digit law has helped finding anomalies in various data across many domains. This paper
summarizes what this mysterious law is and implements the same to asteroid data to check for the pattern. This law has the potential
to handle the growing need for authenticity for the big data revolution. Further research on this field includes not only the
implementation here on earth but also for the data being generated by satellites and telescopes in deep space!
Keywords: The First Digit Law, Asteroid, Big Data.

number ‘9’. It seemed mysterious that the number ‘1-9’
does not occur randomly or equally. Newcomb went so
far as to mathematically derive his observation and
publish the first known paper on how the first digit
occurs as number ‘1’ more than the number ‘9’. He
stated that the number ‘1’ will occur 30% of the time
and ‘2’ will occur 17% of the time going further till the
number ‘9’ occurs 4.6 % of the time. He stated the
probability will be:

I.INTRODUCTION
With the advent of digital technologies, the rate at which
today's data are being generated is going exponential. By
2025, Billions of devices and Trillions of sensors will be
generating twice as much data as we have generated till
date. With such abundance of data the real problem
occurs when the data to be analyzed has misleading
information. This not only leads to wrong decision
making but also a huge wastage of human and hardware
resources.

(1) P (leading digit=d) = Log10 ((d+1)/d), d = 1, 2,
3, …, 9.

To solve this issue many researchers are suggesting on
use of a mysterious law, called as Benford's Law, which
states that the leading digits of the numbers in the data
has the number ‘1’ occur more number of times than the
number ‘9’ from its discovery in 1881 till today, many
research has been done so far which successfully verifies
the occurring of this law in various fields. But under
certain conditions this law may not work. So before
taking the validity of the law granted for certain datasets,
we first have to check for if the dataset obeys certain
rules and works properly or not.

But at the time, his research work could not attract the
attention of the academia. So the law remained silent for
the next 57 years.
Until 1938, Frank Benford, an American physicist and
engineer at General Electric company rediscovered the
law. He then to prove this phenomenon conducted deep
research on20229 digits in more than 20 data sets
appearing randomly from sources as diverse as magazine
articles, atomic weight, population size, drainage rates of
rivers, river length, census data etc. He concluded the
law and named it as ‘The First Digit’ law. This was the
first time the law got its name and recognition. He even
stated that the law works with random wild unordered
data and violates order data such as specific heats. For
the next 40 years the deployment was slow and no
mathematical proof of the principle could be drawn.

In this paper we will see what the law states and what
research has been done so far. In the following we will
be implementing the law on Asteroid dataset and explore
its validity. We will also see under which condition the
law may or mayn’t work. In a nutshell, if used properly,
this law will be a game changing tool for big data
analysis especially for the vast amount of data being
generated by satellites and telescopes for space research.

It was in 1995 when an American scholar Hill gave a
theoretical proof of the law. For the first time he
theoretically proved ‘The First Digit’ law. This law
became a wide interest among research scholars for what
it later called as ‘Newcomb-Benford’s Law’ or
Benford’s Law.

A. The Origin of the Law
The origin of the law dates back to centuries ago when a
scientist saw that the books of algorithms had more worn
on the early pages than the end. In 1881, Simon
Newcomb, an American astronomer and mathematician
noticed that in the books of algorithmic tables fellow
scientists used to check for the tables with the number
starting from ‘1’ rather than the number ‘9’. Somehow
the number ‘1’ occurred more times in nature than the

B. The Law
Benford's law or the First Digit law satisfies a uniform
logarithmic distribution. It states when a number is
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randomly selected it will begin with ‘1’ for 30% of the
time, ‘2’ for 17% of the time till ‘9’ for 4.6% of the time.
It follows the pattern of Log10 (2), Log10 (3/2),…, Log10
(10/9).

Digit’ law. This paper focuses on the first digit to
implement and validate its effect.
C. Application

(1) P (D = d ) = Log ((d+1)/d), d = 1, 2, 3, …, 9.
1

1

10

Benford’s law has been widely used in various fields till
today. The most important use cases are its use in
accounting and auditing. A lot of fraud has been detected
using this technique only. The other use cases include
detecting GAN (Generative Adversarial Networks)
generated realistic images.

1

The second, third and fourth place distribution also
follows the same pattern. The probability of occurrence
of ‘0-9’ is also in descending order in the second, third
and fourth place but the pattern gradually slows down.
(2) P (D = d ) = Σ
9.

Log (1+1/d d ), d = 0, 1, 2, …,

(3) P (D = d ) = Σ
2, …, 9.
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Benford’s law has also shown validation across various
data sets like Geomagnetic field, Geomagnetic reversal,
Earth gravity, exoplanet mass, Pulsar rotation frequency,
earthquake depth, Greenhouse gas emissions by country,
Global infectious diseases case, Geometric series,
Fibonacci sequence.
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This law has also seen success in economics and
sociology from Bank data to National GDP and social
security. It has also seen the use case in computer file
size optimization. Recently, it has been used in detecting
counterfeiting Covid-19 reports in China.

D = 1 digit of a number
1

st

D = 2 digit of a number
2

nd

D. Conditions

D = 3 digit of a number
3

rd

Almost all types of data conform to Benford’s law
except two cases where the data violates the law. This
can be classified as two categories of data: one which
does not satisfy the objective condition of the law and
the second category is where the data contain certain
anomalies. For the conditions of Benford’s law it cannot
be full proof across every field so the data need rigorous
statistical check before validation, which causes certain
limitations for the law.
Benford’s law works on wild data. More the data, the
better the result. One cannot hope to find individual
fraud through it, but can find anomalies on a large data
set. This is what makes it effective for use in big data.
The data also must not be assigned or has any effect
based on human thought. It will not work on a physical
constant. Some accounting data have seen a combination
of data (e.g., account receivable) strictly follows the law.

Table 1. Expected Frequency Based on Benford’s Law
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

First Place
Second
Place
Third Place

1 2 3 4 5 6 7 8 9 10

II.IMPLEMENTATION
In this paper we have used data on small asteroid
sourced from ‘Asterank’. We have taken 4000 small
asteroid along with their diameter. We used excel sheet
to get the required data. To extract the first digit from the
data set of diameter of the asteroid we have used the
function ‘LEFT’ and copied the same throughout the
database. And hence we have with us the first digit of
the diameter of all four thousand small asteroids. Next to
check for the frequency of each number from 1 to 9 we
use the ‘COUNTIF’ function. Then with ‘SUM’ function

Fourth
Place

Graph 1.Expected Frequency on Line Graph
From the graph we have seen the first digit pattern
shows more likelihood of detecting anomalies in the
data. It is self-explanatory why it is called ‘The First
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we have totalled (diameter data of some asteroids were
unavailable). Next we count the percentage of each digit
frequency. We then find the percentage table of each
digit according to Benford’s law using the formula. We
then plot both the data in a bar graph to check for its
validity.

40
30
Percentage

20

Benford's Law
10
0
1 2 3 4 5 6 7 8 9
Graph2. Expected frequency Vs. Observed frequency
IV.DISCUSSION
As we can see in the chart the diameter of 4000 Asteroid
obeys the law. The little discrepancy can be due to less
amount of data (Benford’s law needs large amounts of
data) or precise measurement error. As we have seen the
pattern and the same pattern could also be seen in World
Population data we assume the error on this data does
not exist so the real problem is to get more data for a
good graph representation.
V.CONCLUSION
Table 2. Small Asteroid Data Table
As the big revolution increases we will be getting the
maximum amount of data to be generated. And as such
with space science, the data being generated through
sensors, telescopes, and satellites are exponential. So the
future work lies to check for other possible areas of its
implementation so as to avoid any data manipulation.
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